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SW'MAEY 

The performanoe of a single -cylinder spark- ignition engine 
modified to operate on a compression- ignition cycle with a compres- 
sion ratio of 8.0 was determined. Experimental date were obtained 
at an inlet-manifold pressure of 100 inches of mercury absolute, 
fuel-aii’ ratios of 0,040 and 0,025, and engine exhaust pressures of 
30 to 100 inches of mercury absolute. These data trere then used to 
compute the sea- level performance of em engine having nine cylinders 
with a compressor and a tui’bine mounted on a common shaft and geared 
to the engine crankshaft. An engine speed of 1600 rpm was used 
tliroughout this investigation because a preliminary investigation 
showed that the power output and combustion-air flow incireased very 
slowly with engine speeds above 1600 rpm. 

The calculations for the full-scale composite engine at a 
fuel-air ratio of 0.040 and compressor and turbine efficiencies of 
85 percent indicated that maximum povrer occurred at an engine exhaust 
pressure of 75 inches of mercuny absolute. At this condition, the 
net brake horsepower was 1060 and the net brake mean effective pres- 
siure and the net brake specific fuel consumption were 268 pounds per 
square inch an 0,405 pound per net brake horsepower-hour, respec- 
tively. The minimiim net brake specific fuel consumption occurred at 
an engine exhaust pressvire of 100 inches of mercury absolute. At 
this condition, the net brake specific fuel consumption was 
0.385 pound per net brake horsepoiver-hour for a net brake horsepower 
and net brake mean effective pressure of 1010 and 274 pounds per 
square inch, respectively, 

A reduction of the fuel-air ratio from 0,040 to 0.025 caused a 
26-percent reduction in maximum net brake horsepower with a 9-percent 
decrease in the net brake specific fuel consumption. 
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INTSODUCTIOK 

Consideratile research has heen conducted on the conhlnation of a 
spark-ignition engine with a turbine and a compressor geared to the 
cmnkshaft to increase the povrer and efficiexicy of the power plant. 
Commutations based on engine tests (reference 1) show that the maximism ^ 
performance was obtained by operating at high inlet -manifold and exhausv, 
nressures. A snark-ignition engine must be operated witii rich mixtures 
at high inlet -manifold pressures in order to avoid detonation; there! ore, 
relatively high specific fuel consimipt j ons are obtained. A compression- 
ignition engine, however, may be operated with leaner mixtures. 

Computations based on experimental data from a high-speed single - 
cylinder compreBsion-ignition engine (reference 2) showea tnat at 
fuel-air ratio of 0.067 the exhaust energy available at sea level wioh 
the exhaust pressure eq.ua! to the inlet -manii old pressure (for the 
pressure range of 30 to 90 in. Hg absolute) exceeded that required for 
supercharger work. 

Reference 3 is based on the experimental data of reierence 2. 

The engine performance was extrapolated to engine exhaust pressures 
that wore twice the inlet -manifold pressure and computations were made 
which showed that the net brake horsepower of the composite system 
increased with decreasing compression ratio and increasi.ig fuel-air 
ratio and engine speed. The net brake specific fuel consumption was 
found to be near its minimum value at a compression ratio of 17 and a 
fuel-air ratio of 0.035. 

Another theoretical analysis (I’oforence 4) indicated that high net 
brake horsepowers at low net brake specific fuel consumptions might be 
obtained on a composite engine comprising a compression-ignition engine 
at a compression ratio of 8.5 and a compressor and a turbine geared to 
the engine crankshaft . 

The present investigation was made at the IJACA Cleveland laboratory 
on a single -cylinder engine using a cylinder from a radial yir-cooled 
aircraft engine to determine experimentally whether a modified spark- 
ignition engine could be operated efficiently on a compi'ession- ignition 
cycle at conditions approximating those indicated in reference 4. The 
experimental da.ta were used to compute the sea-level performance of a 
full-scale composite engine. 


APPARATUS 


A cylinder from an R-1820-G-100 engine with a piston xrom an R-2600 
engine was used; this combination had a compression ratio oi 8.0. 
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Chroniuiii-pXated coaipreBsion rings were used in the three compression- 
ring grooves to give long ring life for the high inlet -manifold pi'es- 
sures used. Two fuel-injection nozzles were inserted in the cylinder 
in place of the spark plugs, as shown in figure 1. The cylinder was 
mounted on an E-1820-G crai:ikcase having 40® valve -overlap cans. A 
300 -horsepower dynamometer eq.ulpped with the necessary accessories 
and instrumentation was used to start the engine and to absorb the 
engine power. (See figs. 2 and 3.) Fuel was delivered to the nozzles 
by means of a gear-tjnpe primary pmnp and a cam-operated injection 
pvuDp connected in series. The fuel had a cetane n'uriber of 50, a 
specific gravity of 0.835 at 60® F, and a hydrogen -carbon ratio of 
0.156. Fuel flow was measiu-ed by a rotameter. 

Mult i'ple -orifice and pintle -t;;’pie fuel-injection nozzles were 
tried singly e^nd in pairs to determine their effects on engine per- 
formance . The single multiple -orifice nozzles had five or s3.x ori- 
fices. When two multiple -orifice nozzles were used, each nozzle had 
three orifices. The total orifice areas ranged from 0.000660 to 
0.001400 square inch. The pintle-type nozzles all x>roduced a cone, 
coaxial with the nozzle center lino. Nozzles with cones of 30°, 60°, 
and 90° each were tried. Preliminary investigations showed that the 
beat combination was two multiple -orifice injection nozzles with 
flat, fan-shaped sprays with offset tipis directed parallel to the 
top of the piston. The total orifice area was 0.000947 square inch 
for six orifices, three in each nozzle. (See fig. 1.) 

High-pressure combustion air was obtained from the laboratory air 
system. The weight flow was controlled bj'' suitable valves and was 
measiired by a thin-plate orifice installed according to A.S.M.E. 
specifications. Surge tanks located before and after the engine were 
equipped with pressure taps to measure the inlet -manifold and exhaust 
pressures. 

A formed sheet -metal cowling directed the cooling air from front 
to rear across the cylinder. 


PEOCEDUKS 

Euns were made at various exhaust pressures (30 to 100 in. Hg 
absolute) while the ether engine conditions were held constant. The 
following table summarizes the constant conditions used in this 
investigation, as well as those suggested by the analysis of refer- 
ence 4: 
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Engine speedy rx^m . 

Inlet -manifold pressure^ in, Hg 
Inlet -manifold air temperature, 

Fuel-air ratio • 

Maximum cylinder pressure, lb/s( 


Experiment 

Analysis 

(refer- 

ence 4) 

8.0 

8.5 

1600 ±10 

2400 

e. . . . 100 ±0.15 

120 

160 ±5 

200 

0.040, 0.025 ±0.001 

0.037 

.... 1200-1400 

1200 


A compression ratio of 8.0 instead of 8,5 (reference 4) vas used 
tecause it" was the highest that could he obtained with the available 
i nt e r c hange ab le pistons and c y 1 inde r s . 


An engine speed of 1600 rpm was chosen because a preliminary 
investigation showed that the power output and combustion-air flow 
increased very slowly with engine speeds above 1600 rpm , Several means 
were tried to improve the turbulence and ccmbustion within the cylinder 
at engine speeds above 1600 rpm. In addition to various types oi injec- 
tion spray and various inlet -manifold air temperatures, spiral vanes in 
the entrance to the intake j^ort, water injection into the inlet mani- 
fold, and a cylinder with enlarged intake and exhaust ports were tried. 
As none of these modifications gave the desired effect, the investiga- 
tion was completed with the engine in its original configuration. 


The inlet -manifold pressure was held constant at 100 inches of mer- 
cury absolute because a pressure of 120 inches of mercury absolute was 
unobtainable with the laboratory combust ion -air control system. The 
inlet -manifold air temperature of 160^ F >mis used because it was found 
to give better engine perfoiiDance than the temperature of 200^ F com- 
puted from the analysis of reference 4. The maximum cylinder pressure 
was held between 1200 and 1400 pounds per square inch by adjusting the 
injection advance angle. 

The oil-in temperature was held at 150^ F for all runs. Tne cooling- 
air pressure drox^ CJAp (where CJ is the density ratio used to correct 
to NACA standard" air conditions) was held between 23 and 25 inches of 
water for a fuel-air ratio of 0,040 and between 13,5 and 15,5 inches of 
water for a fuel-air ratio of 0.025. The temperature of the cooling air 
upstream of the cylinder was 93^ F. 

An approximation of the mechanical -friction power was obtained by 
motoring the engine with sea-level exhaust and inlet -manifold pressures. 
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METHOD OF COMPUTATION 

The full-scale composite engine for which the performance was 
computed was assumed to consist of an engine (nine cylinders with a 
displacement volume of 1820 cu in.), a compressor, and a turbine. 

The performance was computed for sea-level conditions from single - 
cylinder exT)erimental data as follows: 

(a) The full-scale indicated mean effective pressure was assumed 
to be the sum of the brake and mechanical-friction mean effective 
pressures obtained from the single --cy Under data. The indicated 
mean effective pressure thus obtained Includes the contribution of 
all four strokes of the cycle. 

(b) From this indicated mean effective pressure, the full-scale 
indicated horsepower was computed and the corresponding gross brake 
horsepower was obtained by subtracting a full-scale mechanical- 
friction horsepower. The mechanical -friction horsepower was computed 
from the equation 

fhp = 


where 

fhp me cloanical -friction horsepower 
K constant, 0.00002394 

W engine speed, rpm 

The value of K corresponding to the boro, the stroke, and the number 
of cylinders of the engine was determined from an empirical equation 
based on a large amount of experimental data on various types of 
reciprocating engine. From this equation tho mechanical -friction 
horsepower at 1600 rpm is 61.3 for the full-scale engine. 

(c) The full-scale combust ion-air flow was taken as nine times 
the single -cylinder air flow. The compressor horsepower was con- 
sidered that required to compress the combustion air from MCA soa- 
lovel pressure and temperature to inlet -manifold pressure with an 
adiabatic efficiency of either 70 or 85 percent. The combustion air 
was assumed to bo cooled from comprossor-outlet temperature to 160° F 
with an aftcrcooler liaving an effectiveness of either 66 or 60 laer- 
cent depending on tho compressor efficiency. 


(d) Tho turbine horsepower was taken as that available from expan- 
sion of tho Gxliaust gas from exhaust pressure and temporaturo to 
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sea-level pressure with an adiahatlc efficiency of either 70 or 65 per- 
cent. Inference 5 was used in the computation of the turbine horsepower. 

The exhaust -gas temperatures were assumed to be 1800° and 1200° R 
for fuel-air ratios of 0.040 and 0.025, respectively. These values 
were checked by later runs and found to be approximately correct. 

(e) The turbine and the compressor were assumed to be mounted on a 
common shaft and the difference in theii' powers was transmitted to or 
from the engine through gears having an efficiency of 90 percent. The 
horsepower difference was divided or multiplied by the gear efficiency 
depending on whether the turbine horsepower was less or greater than 
that of the compressor, and the result was subtracted or added, respec- 
tively, to the engine gross brake power (item (b)) to obtain the net 
brake horsepower of the system. 

The assumption of constant tii.rbine and comx)ressor efficiencies for 
these computations Implies that a different turbine and a different com- 
pressor are used at each exhaust pressuro in order to meet the required 
op<erating characteristics for that condition. 


RESULTS AWD DISCUSSION 
Single -Cylinder-Engine Experimental Data 

The best single -cylinder engine perfonnance was obtained at an 
engine speed of 1600 rpm. The indicated horsepower and combustion-air 
flew increased very slowly for engine speeds above 1600 rpm. Because 
none of the modifications that were tried to im-provo the turbulence and 
combustion, gave the desired effect, the investigation was completed 
with the engine in its original configuration. 

The effect of exhaust pressure on combustion -air flow, indicated 
specific air consumption, volumetric efficiency, indicated mean effective 
pressuro, indicated specific fuel consumption, and maximum cylinder pres- 
sure of the single -cylinder engine at an inlot -manifold -oreosurG of 
100 inches of mercury absoi.ute, an inlet -manifold air temperature of 
160° F, and an engine speed of 1600 rpm for fuel -air I’atios of 0.040 
and 0.025 is shovm in figure 4. For a fuol-air ratio of 0.040 and sea- 
level exhaust pressure, the indicated mean effective pressure based on 
all four strokes of the cycle was 313 pounds per square inch (fig. 4(b)), 
As the exhaust xu’essure was increased to 100 inches of mercury absolute, 
the indicated mean effective y»ressure decreased to 240 pounds per square- 
inch, a loss of 23 percent. Similarly, the combustion-air flow fell off 
about 25 percent with an increase of tlie engine exhaust 'pressure from 
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30 to 100 inches of mercury absolute (fig. 4(a)). At a fuel-air 
ratio of 0.025 the corresponding decreases in indicated horsepower 
and combustion-air flow wore 31 and 25 percent, resrjectively . 

The oy] inder-head temperatures wei’e below normal operating 
temperatures for a spark-ignition engine (fig. 5). The tempei’atures 
at the rear of the barrel were on the order of 315° to 355°"^ F for a 
fuel-air ratio of 0.040 (fig. 5(a)) and 270° to 310° F for a fuel- 
air ratio of 0.025 (fig, 5(b)). 


The engine started readily with an inlet -manifold pressure as 
low as 40 to 45 inches of mercury absolute, an inlet -manifold air 
temperature of 160° F, and an injection advance angle of 10° to 15°. 
The engine ran evenly but was noisy, as is characteristic of the 
compression-ignition cycle. No pitting- of the surfaces of the valves 
or the piston was observed and the carbon deposits on the cylinder 
head and the piston wei’o moderate . The piston rings were replaced 
after 50 hours of operation because of wear caused by high bari-el 
temperatm’es and high inlet -manifold pressures. 


Full-Scale -Engine Calculations 

Althoiign tne engine power decreases with an increase in exhaust 
pressure^ the power developed the turbine increases. In addition^ 
the power absorbed by the compressor decreases with an Increase in 
exhaust pressure because of the reduction in combust ion -air flow due 
to the increase in residual gases in the engine. As a result of the 
relative rate of these variations, thero is sicme engine exhaust 
pressure where the not power of the, engine with the compressor and 
turbine attached is a maximum. 


The computed sea-level performance of a full-scale composite 

shown in figure 6. At a fuel-air ratio 
of 0.040 and an exliaust-gas temperature of 1600° E (fig. 6(a)), the 
engine with a compressor and a turbine each having an 
efficiency of 70 percent develops a max.lmum of 952 net brake horse- 
power at an exhaust pressure of 75 inches of mercury absolute. The 
cOi’re spending net brake mean effective ^jressure and specific fuel 
consumption are 258 pounds oer square inch and 0.450 pound per net 
Drake horsepower -hour, respectively. For these conditions the turbine 
an compressor powers are almost equal. Any fui’ther increase in the 
exuaust pressure causes a decrease in the net brake horsepower. The 
n mum net brake specliic fuel cons’unption occurs at an exhaust 
pressure of 100 inches of mercury absolute at which condition the net 

hour^Tfu °°nsumptlon Is 0.435 pound per net brake horeepover- 

® o-’ake horsepower and the net brake mean effective 

pressure are 900 and 244 pounds per square inch, respectively. 
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For efficienciea of 85 percent the turbine and compressor powers 
are equal at an exhaust pressu.i’e of 55 inches of mercury absolute. The 
maximi’m net brake horsepower, however, again occurs at an exhaust pi-es- 
sure of 75 inches of mercury absolute. Tlie maximum net power and corre- 
snonding net brake specific fuel coiisuiaption are 1060 horsepower and 
0.405 pound per net brake horsepower -hour, respectively. Tnese values 
ro pro sent a 5 -percent increase in net power arid a 12 -percent decrease 
in the net brake specific fuel coi.sumption over the values for which 
the turbine and compressor powers are equal. The rainlioram net brake 
specific fuel consumption is 0.335 pound per net brake horsepower -hour 
and again occui-s at an exhaust pressure of 100 Inches of mercury absolute 

The perfoimanco of the composite erigine is shOTO in flgire 6(b) for 
a fuel-air ratio of 0.025 and an exhaust -gas temperature of 1200 E. 

The maximum net b.'*ako horsepower fox* turbine and compixjssor efficiencies 
oi’ 85 pGi'ccrifc is 28 porcon’t loss "bhcLii ‘thG.'fc for 3 . fuGX-a.li* i*3.bio of O.OiO 
and the cori’esponding net brake specific fuel consumption is 9 percent 
less . 


The exhaust pressure for maximum net brake horsepower is 6o inches 
of mercury absolute for both the 70- and 85-percent efficiencies, and 
for minimum not brake STiocific fuel consumption it is approximately 
85 inches of mercury absolute; however, the not brake specific fuel con- 
simption changes very little for exhaust proasures from 65 to 100 inches 
of mercury absolute . 

Inspection of figure 6(b) shows that at a fuel-air ratio of 0.025, 
when the* turbine and compressor efficiencies are 70 percent each, the 
turbine horsepower is always less than the compressor horsepower for 
the range of exhaust pressures covered (30 to 100 in. Ilg absolute). For 
efficiencies of 85 percent the tui’blne and compressor horsepowers are 
equal at an exhaust pressure of approximately 75 inches of mercury abso- 
lute at which point the net brake horsopoiTor is close to its maximum 
value . 

The mao:imum net brake horsepowers and minimum net brake specific 
fuel cousumptions of the hypothetical full-scale composite compression- 
ignition engine are siimmarized in the following table for an inlet - 
manifold pressure of 100 inches of mercury absolute at an engine speed 
of 1600 i^pm: 
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Turbine 

and compressor efficiencies 


Exhaust 

0 

1 










1 



pres- 

m ■; 

air 

ratio 


0.70 


1 

1 

0.85 


O WmJrn W 


1 


1 

1 ^ 

1 

(in^ Hs 


Wet brake 

jWet 

Net brake 

Wet brake 

Net 

jWet brake 

abso- 


mean effec» 

'j brake 

specific 

mean effec- 

brake 

i specific 

lute ) 


tive pres- 

j horse - 

fuel con- 

tive pres- 

horse - 

fuel con- 



sure 

(lb/sc[ in.) 

: newer 
i : 

\ 

! 

sumption 

(Ib/nbhp- 

Iir) 

sure 

(Ib/sq. in.)j 

j 

power 

1 

sumption 

(Ib/nbhp- 

iir) 



Maximiun net 

bx^.ke horsepower 



75 

0.0401 

258 

i 952 

0.450 I 

268 1 

lOSO : 

0.405 

S5 

‘ 

.025! 

185 

i 680 

,426 1 

213 j 

785 ! 

.370 


Miniraum net 

brake specific fuel consumption 


100 1 

0.0401 

244 

! 900 1 

0.435 

274 ! 

1010 

0.385 

85 1 

A 

.0251 

1 

175 

! 645 j 

■i — «■ ,1 

.420 

203 j 

.1 

746 1 

.360 


Satisfactory combustion could not be obtained at engine speeds 
above 1600 rpm; therefore^ a direct comparison could not be made with 
the analysis of reference 4, which was based on an engine speed of 
2400 rpm. The results obtained herein can be extrapolated^ however, 
to the conditions of engine speed, inlet -manifold pressure, fuel-air 
ratio, and compression ratio of the analysis of reference 4; that is, 
2400 rpm, 120 Inches of mercury absolute, 0.037, and 3o5, respec- 
tively. The exti’apolated value of the maxlmiuD net brake horsepower 
for compressor and turbine efficiencies of 70 percent is 1550 net 
brake horsepower, which is approximately 75 percent of that shown in 
reference 4. Because of the assvJDptions necessarily made in 2 ?efer- 
ence 4, this agreement is considered to be a satisfactory check of 
the predicted performance. So.tisfactory performance at speeds of 
2400 rpm might bo obtained by use of a cylinder designed specifically 
for comptression-lgnition operation. 


SUim/'oRY OF KESULTS 

The perfcimance of a single -cylinder spark-igniticn engine modi- 
fied to opo 2 ?ate on a compression-ignition cycle with a compression 
ratio of 8.0 was determined . From these data, the performance was 
computed for a full-scale composite engine, which was assumed to con- 
sist of an engine with nine cylindoi*s having a displacement volume 
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of 1820 cuMc inches, with a coni'pressor and a turtine mounted on a 
coTnmon ohaft aud geared to the engine cranhshe-ft . The compos i be engine 
was assiuned to operate at an inlet -manifold pressure of 100 inches of 
mercury absolute and a speed of 1600 rpm. The following results wore 
obtained: 

1. The best single -cylinder engine performance was obtained at an 
engine speed of 1600 rpm. The indicated horsepower and combustion-air 
flow increased very slowly for engine speeds above 1600 rpm. 

2. At pji engine speed of 1600 rpm and an inlet -manifold pressure 
of 100 inches of mercury absolute, the combust ion-air flow of the 
single -cylinder engine decreased 25 percent as the exhaust pressure was 
increased from 30 to 100 inches of mercury absolute. For fuel-air 
ratios of 0.040 and 0.025, the corresponding decrease in indicated mean 
effective pressure was 23 and 31 pjercenu, respectivej.y . 

3. The maximvmi net brake horsepowers of the composite engine were 
952 and 1060 (net brake mean effective pressures of 258 and 288 Ib/sq in.) 
at net brake specific fuel consumptions of 0.450 and 0.405 poimd. per net 
brake horse power -hour for turbine and compressor efficiencies of 70 

and 85 'oercent, respectively, at a fuel-air ratio oi 0.040, an exhaust- 
gas temperature of ISOOO and an exhaust pressure of 75 inches of mer- 
cury absolute . 

4o The minimum net brake specific fuel consumptions of the comuosj.te 
engine for a fuel-air ratio of 0.040 (exhaust -gas temperature, 1800 E) 
are 0.435 and 0.385 pound per net brake horse power -hour with net brake 
horsepowers of 900 and 1010 (net brake mean efx*ective pressures of '244 
and 274 Ib/sq in.) for turbine and compressor efficiencies of 70^and 
85 percent, respectively, at an exhaust pressure of 100 inches of mer- 
cury absolute . 

5. Reduction of the fuel-air ratio from 0.040 to 0.025 causes a 
26 -percent decrease in maximum net brake horsepower of the composite 
engine with a 9-percent decrease in not brake specific fuel cons'imp- 
tion at t’orbine and compressor efficiencies of 85 percent. 
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Figure I. - Cutaway sketch of air-cooled cylinder showing 
location of fuel— injection nozzles in spark-plug openings 
and pattern of fuel-spray in cylinder. 
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gure 2. - Diagrammatic sketch of engine and instrumentation. 
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Fig. 4 a 



"Exhaust pressure, In. Hg absolute 
(a) Air-flow characteristics. 

Figure 4. - Performance of a single-cylinder engine converted to compres- 
sion-ignition operation for various engine exhaust pressures. Inlet- 
manifold pressure, 100 Inches of mercury absolute; Inlet-manifold air 
temperature, l60® F; engine speed, l600 rpm; compression ratio, S.O; 
ooollng-alr temperature, F. 
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(b) Indicated mean effective pressure, indicated specific fuel 
consumption, and maximum cylinder pressure. 


Figure 4, - Concluded. Performance of a single-cylinder engine converted 
to compresslon-lgnl tlon operation for various engine exhaust pressures. 
Inlet-manifold pressure, 100 Inches of mercury absolute; Inlet-manifold 
air temperature, 160® p; engine speed, 1600 rpm; compression ratio, 8.0; 
coollng-alr temperature, 93® F* 
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Fig. 5 
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(b) Puel-alr ratio 0 . 025 * 


Figure 5 . - Variation of cooling-air pressure drop and barrel and head 
temperatures of a single-oyllnder engine converted to compression- 
ignition operation for various engine exhaust pressures. Inlet- 
manifold pressure, 100 Inches of mercury absolute; inlet-manifold 
air temperature, l60° F; engine speed, I 6 OO rpm; cooling-air tempera- 
ture, 93 ^ (The broken lines indicate that temperature readings 

were not taken at an exhaust pressure of 77.5 in. of Hg absolute for 
a fuel-air ratio of 0.040*) 
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Figure 6. - Computed sea-level performance of a composite engine comprising engine , 
converted to compresslon-lgnltlon operation, compressor, and turbine at various 
engine exhaust pressures. Inlet-manifold pressure, 100 Inches of meroury absolute; 
Inlet-manifold air temperature, l6u° F; engine speed, l600 rpra; compression ratio, 
8.0; coollng-alr temperature, 93° f'i gear efficiency, 90 percent. 
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Fig. 6 b 
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Figure 6. - Concluded. Computed sea-level performance of a composite engine 
comprising engine converted to compression-ignition operation, compressor, 
and turbine at various engine exhaust pressures. Inlet-manifold pressure, 

100 inches of mercury ^absolute; inlet-manifold air temperature, 160® F; 
engine speed. 1600 rpm; compression ratio, S.O; cooling-air temperature, 93° F; 
gear efficiency, 90 percent. 


1100 

1000 

900 

SOO 

700 

600 

500 

400 

300 

POO 

100 

0 


/ 


Horsepower 



UNCLASSIFIED 


UNCLASSIFIED 


